We describe a method of controlling the spin wave spectra dynamically in a uniform nanostripe waveguide through spin-polarized currents. A stable periodic magnetization structure is observed when the current flows vertically through the center of nanostripe waveguide. After being excited, the spin wave is transmitted at the sides of the waveguide. Numerical simulations of spin-wave transmission and dispersion curves reveal a single, pronounced band gap. Moreover, the periodic magnetization structure can be turned on and off by the spin-polarized current. The switching process from full rejection to full transmission takes place within less than 3ns. Thus, this type magnonic waveguide can be utilized for low-dissipation spin wave based filters.
A Magnonic Waveguide (MW) consists of periodic magnetic structures. The periodic structure affects the spin wave dispersion curve by creating forbidden bands at the Brillouin zone boundaries due to Bragg reflection. In recent years, the characteristics of spin wave propagation in MWs, which were fabricated by different magnetic materials [1, 2] and different widths [3, 4] , were investigated in detail. However, the spectra of spin waves in these MWs cannot be changed dynamically after its fabrication. Dynamic artificial magnonic crystals are currently the focus of much interest because the spin wave spectra in these magnonic cyrstals can be modulated dynamically. It was reported that the spin wave spectra could be dynamically modulated by local Oersted fields produced by electrical currents on the surface of low-loss Yttrium iron garnet (YIG) [5] [6] . Nevertheless, MWs based on metal magnetic thin films are more suitable to integrate with CMOS circuits. Recently, Volkov et al. have studied the action of the strong perpendicular spin-polarized current on ferromagnetic systems for two-dimensional films [7] [8] [9] and a narrow one-dimensional wire [10] . In the both case, the stable periodic magnetization structures induced by spin-polarized current were found in the both case.
In this letter, we present a way to modulate spin wave spectra in a uniform waveguide by spin-polarized current. The waveguide considered in this letter is presented in Fig. 1 . The length, width and thickness of the stripe are L = 2000 nm, w = 160 nm and h = 10 nm, respectively. The width of the pinned layer is ω p = 30 nm. A thin nonmagnetic spacer is placed between the pinned layer and the stripe. The damping constant is α = 0.01. In order to suppress spin wave reflections, the damping parameter is increased to 0.5 at the ends of the waveguide (x < 20 nm and x > 1980 nm). The spin-polarized current flows along the perpendicular direction to the center of the nanostripe waveguide. In order to excite spin wave within a wide frequency range, a sinc field pulse, ranging from 0 to 60 GHz, was applied to the y-axis. A static bias magnetic field H 0 = 300 Oe was applied along the x-axis to avoid forming domain wall [11] . Our micromagnetic simulation is based on the Landau-Lifshitz-Gilbert equation with the Slonczewski-Berger spin torque term [12] [13] [14] [15] . In the absence of a spin-polarized current, the relaxed spatial distribution of magnetization is uniform in the waveguide as shown in Fig. 2(a) . However, when the spin-polarized current is applied on the nanostripe waveguide, the spin transfer torque produced by the spin-polarized current creates a magnetization structure in the center of the waveguide that is periodic in the (Fig 2(a) ), the magnetization distribution is non-uniform with the spin-polarized current applied (Fig 2(b-d) ): the spin transfer torque creates a periodic magnetization structure in the middle of the nanostripe waveguide. The magnetization is almost parallel to the z-axis in the middle of nanostripe waveguide in a region centered around the location where the spin-torque term is applied. The spin waves are not allowed to propagate in this region, because the spin-polarized current contributes an effective damping, which is usually greater than the natural one [7, 9] . Hence, we focus on the edge of the nanostripe waveguide where spin waves are allowed to propagate. The effective width of this channel is about 60 nm, see Fig. 2(c) . From the figure, one can obtain the periodicity D = 60 nm when spin-polarized current was applied. The spin wave spectra, characters of transmission and dispersion curves are shown in Fig. 3 .
The spectra are obtained through the fast Fourier transform (FFT) of the temporal M z /M s along the red line shown in Fig. 2(a) . The frequency spectra clearly reveal allowed and forbidden bands: low values represented by blue/green represent forbidden bands and high values associated with red and orange are the allowed bands. Fig. 3(a-c) show that for zero spin-polarized current, spin wave transmission is suppressed below 7.5 GHz [16] , which originates from the nanostripe width confinement [17, 18] . There is no band gap above 7.5 GHz in the spectra. Fig. 3(d-f) show that the spin-polarized current changes the spin-wave spectra drastically: A new gap emerges above 7.5
GHz as can be seen in Fig. 3(d) . The transmission characteristic obtained by integrating the spin-wave intensity from 1400 nm to 1600 nm is displayed in Fig. 2(e) , also showing the new spin-wave band gap that appears in the presence of the spin-polarized current. By calculating the dispersion curves numerically and analytically [17] [18] [19] for spin-wave [analytical result shown as 5 black line in Fig. 3(c) , and (f)], we find that the center frequency of the band gap is closely correlated with the first order Bragg reflection wavenumber: the center frequency of 13.2 GHz is identified to belong to the first width mode and is formed at the Bragg wavenumber k D1 = π/D = 0.052 nm -1 , where D is the periodicity of magnetization. Other higher frequency band gaps are not found in the spectrum, because the spin-polarized current induced magnonic crystal is designed in such a way that variations of the magnetization along the length direction are practically sinusoidal as shown in Fig. 2(c) . Therefore the spectrum of this MW contains only one band gap and this phenomenon has been observed in experiment and theory [5, 20, 21] . The results above show that it is possible to switch the periodic structure on and off and realize dynamic control of spin wave spectra through spin-polarized currents. We now focus on the switching time required for this process. A signal with a frequency f = f gap = 13.2 GHz was applied. The continuous spin wave signal was picked up at P point as shown in Fig. 2(a), (b) . A spin-polarized current (22×10 12 A/m 2 ) was applied during the first 5 ns and then it was set to zero for the next 10 ns as shown in the inset of the Fig. 4(a) . The z-component of the magnetization at point P of the transmitted spin wave signal is shown in Fig. 4(a) (black line). There is no spin wave signal to be detected during the first 5 ns: the transmission of the spin wave is effectively suppressed by the spin-polarized current. After about 8 ns, by contrast, we observe the periodic spin wave signal. The Fourier spectrum, based on data from 8 to 15ns, shows that the main frequency of the spin wave is equal to the frequency of the excitation signal. We also observe the second and third harmonic, which is one of the most the universal phenomena appearing in nonlinear systems [22] [23] [24] [25] . The z-component of magnetization shows excitation and subsequent decay between 5 ns and 8 ns. In order to elucidate the physical origin of this, we also measure the magnetization component M z at P point without the excitation signal as shown in Fig.4 (red line), which reveals a similar patterned. Therefore, we conclude that the attenuation is due to spin-polarized current switching and subsequent relaxation of the magnetization pattern rather than due to spin wave. It takes about 4ns for the spin-wave propagation to be fully established after the current is switched off. Fig. 4(b) shows results of the corresponding process of switching the spin-polarized current on after 5ns: the transmission of the spin wave is effectively suppressed by the spin-polarized current, and the transition of full transmission to full rejection of spin-waves also takes approximately 3 ns. In order to study the effect of the spin-polarized current on the spin waves with frequencies far away from the center frequency of the band gap f gap = 13.2 GHz, we applied a signal frequency f = 20GHz. As seen from Fig. 5 , the spin wave is not suppressed by the spin-polarized current and completely passes through the waveguide. The spin-polarized current can effectively suppress the spin waves whose frequencies are nearby the center frequency of the band gap. However, the spin-polarized current has little impact on the spin wave with other frequencies. In this letter, we have presented a dynamic magnonic crystal design in a uniform waveguide that can be switched electrically using a spin-polarized current. The spin-polarized current induces periodic magnetization structure in the uniform waveguide which leads to a pronounced spin wave band gap. This periodic magnetizaton structure is dynamically controllable, i.e. it is possible to switch the spin waves transmission at band gap frequencies on and off, using well established technology of electric currents. This type of magnonic crystal can be used for low-power filters and other magnonic devices.
